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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, JOY M. CAMPBELL, RONALD E. 
STROHBEHN, ERIC M. WEAVER, BARTON S. BORG, LOUIS E. RUSSELL, 
FRANCISCO JAVIER POLO POZO, JOHN D. ARTHINGTON, and JAMES D. 
QUIGLEY, III; have invented certain new and useful 
improvements in METHODS AND COMPOSITIONS FOR TREATMENT OF 
IMMUNE DYSFUNCTION DISORDERS of which the following is a 
specification : 

BACKGROUND OF THE INVENTION 

The primary source of nutrients for the body is blood, 
which is composed of highly functional proteins including 
immunoglobulin, albumin, fibrinogen and hemoglobin. 
Immunoglobulins are products of mature B cells (plasma cells) 
and there are five distinct immunoglobulins referred to as 
classes: M, D, E, A, and G. IgG is the main immunoglobulin 
class in blood. Intravenous administration of immunoglobulin 
products has long been used to attempt to regulate or enhance 
the immune system. Most evidence regarding the effects of 
intravenous IgG on the immune system suggests the constant 
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fraction (Fc) portion of the molecule plays a regulatory 
function. The specific antigen binding properties of an 
individual IgG molecule are conferred by a three dimensional 
steric arrangement inherent in the amino acid sequences of 
the variable regions of two light and two heavy chains of the 
molecule. The constant region can be separated from the 
variable region if the intact molecule is cleaved by a 
proteolytic enzyme such as papain. Such treatment yields two 
fractions with antibody specificity (Fab fractions) and one 
relatively constant fraction (Fc) . Numerous cells in the 
body have distinct membrane receptors for the Fc portion of 
an IgG molecule (Fcr) . Although some Fcr receptors bind free 
IgG, most bind it more efficiently if an antigen is bound to 
the antibody molecule. Binding an antigen results in a 
conf igurational change in the Fc region that facilitates 
binding to the receptor. A complex interplay of signals 
provides balance and appropriateness to an immune response 
generated at any given time in response to an antigen. 
Antigen specific responses are initiated when specialized 
antigen presenting cells introduce antigen, forming a complex 
with the major histocompatibility complex molecules to the 
receptors of a specific helper inducer T-cells capable of 
recognizing that complex. IgG appears to be involved in the 
regulation of both allergic and autoimmune reactions. 
Intravenous immunoglobulin for immune manipulation has long 
been proposed but has achieved mixed results in treatment of 
disease states. A detailed review of the use of intravenous 
immunoglobulin as drug therapy for manipulating the immune 
system is described in Vol. 326, No. 2, pages 107-116, New 
England Journal of Medicine Dwyer, John M. , the disclosure of 
which is hereby incorporated by reference. 

There is a continuing effort and need in the art for 
improved compositions and methods for immune modulation of 
animals. Appropriate immunomodulation is essential to 
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improve response to pathogens, vaccinations, for increasing 
weight gain and improving feed efficiency, improved health 
and for treatment of immune dysfunction disease states. 

It is an object of the present invention to provide 
methods and pharmaceutical compositions for treating animals 
with immune dysfunction disease states. 

It is yet another object of the invention to provide 
methods and compositions for immunomodulat ion of animals 
including humans for optimizing the response to antigens 
presented in vaccination protocols. 

It is yet another object of the invention to increase 
weight gain, improve overall health and improve feed 
efficiency of animals by appropriately modulating the immune 
system of said animals. 

It is yet another object of the invention to provide a 
novel pharmaceutical composition comprising purified plasma, 
components or derivatives thereof, which may be orally 
administered to create a serum IgG response. 

These and other objects of the invention will become 
apparent from the detailed description of the invention which 
follows . 

SUMMARY OF THE INVENTION 

According to the invention, applicants have identified 
purified and isolated plasma, components, and derivatives 
thereof, which are useful as a pharmaceutical composition for 
immune modulation of animals including humans. According to 
the invention, a plasma composition comprising 
immunoglobulin, when administered orally, induces a lowering 
of serum IgG levels relative to animals not orally fed 
immunoglobulin. An orally administered plasma composition 
comprising immunoglobulin affects the animals overall immune 
status when exposed to an antigen, vaccination protocols, 
and for treatment of immune dysfunction disease states. 

Applicants have unexpectedly shown that oral 
administration of plasma protein can induce a change in serum 
immunoglobulin . This is unexpected as traditionally it was 



thought that plasma proteins such as immunoglobulins, must 
be introduced intravenously to affect circulating igG 
concentration. In contrast, applicants have demonstrated 
that oral globulin is able to impact circulating serum IgG 
levels. Further this effect may be observed in as little as 
14 days. This greatly simplifies the administration of 
i mmunomodu 1 a t i ng compositions such as immunoglobulin as these 
compositions, according to the invention, can now be simply 
added to feedstuff or even water to modulate vaccination or 
to treat animals with immune dysfunction disease states. 

Also according to the invention, applicants have 
demonstrated that modulation of serum IgG impacts the immune 
system response to stimulation as in vaccination protocols or 
to immune dysfunction disorders. Modulation of serum IgG, 
according to the invention allows the animals' immune system 
to more effectively respond to challenge by allowing a more 
significant up regulation response in the presence of a 
disease state or antigen presentation. Further this immune 
regulation impacts rate and efficiency of gain, as the bio- 
energetic cost associated with heightened immune function 
requires significant amounts of energy and nutrients which is 
diverted from such things as cellular growth and weight gain. 
Modulation of the immune system allows energy and nutrients 
to be used for other productive functions such as growth or 
lactation. See, Buttgerut et al . , "Bioenerget ics of Immune 
Functions: Fundamental and Therapeutic Aspects", Immunology 
Today , April 2000, Vol. 21, No. 4, pp. 192-199. 

Applicants have further identified that by oral 
consumption, the Fc region of the globulin composition is 
essential for communication and/or subsequent modulation of 
systemic serum IgG. This is unique, as this is the non- 
specific immune portion of the molecule which after oral 
consumption modulates systemic serum IgG without intravenous 
administration as previously noted (Dwyer, 1992) . The 
antibody specific fractions produced less of a response 
without the Fc tertiary structure. Additionally, the 

globulin portion with intact confirmation gave a better 
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reaction than the heavy and light chains when separated 
therefrom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph depicting the effect of oral 

administration of plasma protein on antibody responses to a 
primary and secondary rotavirus vaccination. 

Figure 2 is a graph depicting the effect of oral 

administration of plasma proteins on antibody responses to a 
primary and secondary PRRS vaccination. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the invention, Applicant has provided 
herein a pharmaceutical composition comprising components 
purified and concentrated from animal plasma which are useful 
in practicing the methods of the invention. According to the 
invention gamma -globulin isolated from animal sources such as 
serum, plasma, egg, or milk is administered orally in 
conjunction with vaccination protocols, for treatment of 
various immune dysfunction disease states to modulate 
stimulation of the immune system. Quite surprisingly oral 
administration of this composition has been found to lower 
serum IgG levels relative to no administration of the 
pharmaceutical composition. Starting from a less stimulated 
state, the immune system is able to mount a more aggressive 
response upon challenge. Furthermore, disease states 
associated with elevated IgG levels are improved. As used 
herein with reference to the composition of the invention, 
the terms "plasma", "globulin", "gamma-globulin", and 
"immunoglobulin" will all be used. These are all intended to 
describe a composition purified from animal sources including 
blood, egg, or milk which retains the Fc region of the 
immunoglobulin molecule. This also includes transgenic 
recombinant immunoglobulins purified from transgenic 



bacteria, plants or animals. This can be administered by 
spray-dried plasma, or globulin which has been further 
purified therefrom, or any other source of serum globulin 
which is available. One such source of purified globulin is 
NutraGammax™ or ImmunoLin™ available from Proliant Inc. 
Globulin may be purified according to any of a number of 
methods available in the art, including those described in 
Akita, E.M. and S. Nakai . 1993. Comparison of four 
purification methods for the production of immunoglobulins 
from eggs laid by hens immunized with an enterotoxigenic E. 
coli strain. Journal of Immunological Methods 160:207-214; 
Steinbuch, M , and R. Audran. 1969. The isolation of IgG 
from mammalian sera with the aid of caprylic acid. Archives 
of Biochemistry and Biophysics 134:279-284; Lee, Y., T. 
Aishima, S. Nakai, and J.S. Sim. 1987. Optimization for 
selective fractionation of bovine blood plasma proteins using 
poly (ethylene glycol). Journal of Agricultural and Food 
Chemistry 35:958-962; Poison, A., G.M. Potgieter, J.F. 
Langier, G.E.F. Mears, and F.J. Toubert . 1964. Biochem. 
Biophys. Acta. 82:463-475. 

Animal plasma from which gamma globulin may be isolated 
include pig, bovine, ovine, poultry, equine, or goat plasma. 
Additionally, applicants have identified that cross species 
sources of the gamma globulins still provides the effects of 
the invention. 

Concentrates of the product can be obtained by spray 
drying, lyophylization, or any other drying method, and the 
concentrates may be used in their liquid or frozen form. The 
active ingredient may also be microencapsulated, protecting 
and stabilizing from high temperature, oxidants, pH-like 
humidity, etc. The pharmaceutical compositions of the 
invention can be in tablets, capsules, ampoules for oral use, 
granulate powder, cream, both as a unique ingredient and 
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associated with other excipients or active compounds, or even 
as a feed additive. 

One method of achieving a gamma-globulin composition 
concentrate of the invention is as follows although the 
globulin may be delivered as a component of plasma. 

The immunoglobulin concentrate is derived from animal 
blood. The source of the blood can be from any animal that 
has blood which includes plasma and immunoglobulins. For 
convenience, blood from beef, pork, and poultry processing 
plants is preferred. Anticoagulant is added to whole blood 
and then the blood is centrifuged to separate the plasma. 
Any anticoagulant may be used for this purpose, including 
sodium citrate and heparin. Persons skilled in the art can 
readily appreciate such anticoagulants. Calcium is then 
added to the plasma to promote clotting, the conversion of 
fibrinogen to fibrin; however other methods are acceptable. 
This mixture is then centrifuged to remove the fibrin 
portion . 

Once the fibrin is removed from plasma resulting in 
serum, the serum can be used as a principal source of Ig. 
Alternatively, one could also inactivate this portion of the 
clotting mechanism using various anticoagulants. 

The defibrinated plasma is next treated with an amount 
of salt compound or polymer sufficient to precipitate the 
albumin or globulin fraction of the plasma. Examples of 
phosphate compounds which may be used for this purpose 
include all polyphosphates, including sodium 

hexametaphosphate and potassium polyphosphate. The globulin 
may also be isolated through the addition of polyethylene 
glycol or ammonium sulfate. 

Following the addition of the phosphate compound, the pH 
of the plasma solution is lowered to stabilize the albumin 
precipitate. The pH should not be lowered below 3.5, as this 
will cause the proteins in the plasma to become damaged. Any 
type of acid can be used for this purpose, so long as it is 
compatible with the plasma solution. Persons skilled in the 
art can readily ascertain such acids. Examples of suitable 



acids are HC1 , acetic acid, H 2 S0 4/ citric acid, and H 2 P0 4 . The 
acid is added in an amount sufficient to lower the pH of the 
plasma to the designated range. Generally, this amount will 
range from a ratio of about 1:4 to 1:2 acid to plasma. The 
plasma is then centrifuged to separate the globulin fraction 
from the albumin fraction. 

The next step in the process is to raise the pH of the 
globulin fraction with a base until it is no longer corrosive 
to separation equipment. Acceptable bases for this purpose 
include NaOH, KOH, and other alkaline bases. Such bases are 
readily ascertainable by those skilled in the art. The pH of 
the globulin fraction is raised until it is within a non- 
corrosive range which will generally be between 5.0 and 9.0. 
The immunoglobulin fraction is then preferably microf il tered 
to remove any bacteria that may be present . 

The final immunoglobulin concentrate can optionally be 
spray-dried into a powder. The powder allows for easier 
packaging and the product remains stable for a longer period 
of time than the raw globulin concentrate in liquid or frozen 
form. The immunoglobulin concentrate powder has been found 
to contain approximately 35-50% IgG. 

In addition to administration with conventional 
carriers, active ingredients may be administered by a variety 
of specialized delivery drug techniques which are known to 
those of skill in the art. The following examples are given 
for illustrative purposes only and are in no way intended to 
limit the invention. 

Those skilled in the medical arts will readily 
appreciate that the doses and schedules of the immunoglobulin 
will vary depending on the age, health, sex, size and weight 
of the patient rather than administration, etc. These 
parameters can be determined for each system by well- 
established procedures and analysis e.g., in phase I, II and 
III clinical trials. 

For such administration the globulin concentrate can be 
combined with a pharmaceutically acceptable carrier such as a 
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suitable liquid vehicle or excipient and an optional 
auxiliary additive or additives. The liquid vehicles and 
excipients are conventional and are commercially available. 
Illustrative thereof are distilled water, physiological 
saline, aqueous solutions of dextrose and the like. 

In general, in addition to the active compounds, the 
pharmaceutical compositions of this invention may contain 
suitable excipients and auxiliaries which facilitate 
processing of the active compounds into preparations which 
can be used pharmaceutically . Oral dosage forms encompass 
tablets, dragees, and capsules. 

The pharmaceutical preparations of the present invention 
are manufactured in a manner which is itself well known in 
the art. For example the pharmaceutical preparations may be 
made by means of conventional mixing, granulating, dragee- 
making, dissolving, lyophilizing processes. The processes to 
be used will depend ultimately on the physical properties of 
the active ingredient used. 

Suitable excipients are, in particular, fillers such as 
sugars for example, lactose or sucrose, mannitol or sorbitol, 
cellulose preparations and/or calcium phosphates, for 
example, tricalcium phosphate or calcium hydrogen phosphate, 
as well as binders such as starch, paste, using, for example, 
maize starch, wheat starch, rice starch, potato starch, 
gelatin, gum tragacanth, methyl cellulose, 

hydroxypropylmethylcellulose , sodium carboxymethylcellulose , 
and/or polyvinyl pyrrolidone. If desired, disintegrating 
agents may be added, such as the above-mentioned starches as 
well as carboxymethyl starch, cross-linked polyvinyl 
pyrrolidone, agar, or alginic acid or a salt thereof, such as 
sodium alginate. Auxiliaries are flow-regulating agents and 
lubricants, for example, such as silica, talc, stearic acid 
or salts thereof, such as magnesium stearate or calcium 
stearate and/or polyethylene glycol. Dragee cores may be 
provided with suitable coatings which, if desired, may be 
resistant to gastric juices. 
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For this purpose concentrated sugar solutions may be 
used, which may optionally contain gum arable, talc, 
polyvinylpyrrolidone, polyethylene glycol and/or titanium 
dioxide, lacquer solutions and suitable organic solvents or 
solvent mixtures. In order to produce coatings resistant to 
gastric juices, solutions of suitable cellulose preparations 
suc h as acetylcellulose phthalate or 

hydroxypropylmethylcellulose phthalate, dyestuffs and 
pigments may be added to the tablet of dragee coatings, for 
example, for identification or in order to characterize 
different combination of compound doses. 

Other pharmaceutical preparations which can be used 
orally include push-fit capsules made of gelatin, as well as 
soft, sealed capsules made of gelatin and a plasticizer such 
as glycerol or sorbitol. The push- fit capsules can contain 
the active compounds in the form of granules which may be 
mixed with fillers such as lactose, binders such as starches, 
and/or lubricants such as talc or magnesium stearate and, 
optionally, stabilizers. In soft capsules, the active 
compounds are preferably dissolved or suspended in suitable 
liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition stabilizers may be added. 

Oral doses of globulin or plasma protein according to 
the invention were found to modulate the primary and 
secondary immune response to rotavirus and PRRS vaccinations 
by helping to modulate IgG and the immune system. 

Methods of the invention also include prevention and 
treatment of gastrointestinal diseases and infections, 
malabsorption syndrome, and intestine inflammation, and 
improving autoimmune states and reduction of systemic 
inflammatory reactions in humans and animals. The drug 
compositions, food and dietary preparations would be valid to 
improve the immune state in humans and animals, for diseases 
associated with elevated IgG, diseases associated with immune 
regulatory dysfunction, for the support and treatment of 
malabsorption processes in humans and animals, and for 
treatment of clinical situations suffering from 
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malnutritionin humans and animals. Among these malabsorption 
processes include syndrome of the small intestine, non- 
treatable diarrhea of autoimmune origin, lymphoma, 
postgastrectomy, steatorrhea, pancreas carcinoma, wide 
pancreatic resection, vascular mesentery failure, 
amyloidosis , scleroderma , eosinophili center it is . Clinical 
situations associated with malnutrition would include 
ulcerative colitis, Crohn ' s disease, cancerous cocachexia due 
to chronic enteritis from chemo or radiotherapy treatment, 
and medical and infectious pathology comprising severe 
malabsorption such as AIDS, cystic fibrosis, enterocutaneous 
fistulae of low debit, and infantile renal failure. 

The clinical uses of the composition would typically 
include disease states associated with immune dysfunction, 
particularly disease states associated with chronic immune 
stimulation. Examples of such diseases include but are not 
limited to myasthenia gravis, multiple sclerosis, lupus, 
polymyositis, Sjogren's syndrome, rheumatoid arthritis, 
insulin-dependent diabetes mellitus, bullous pemphigoid, 
thyroid-related eye disease, ureitis, Kawasaki's syndrome, 
chronic fatigue syndrome, asthma, Crohn's disease, graft -vs- 
host disease, human immunodeficiency virus, thrombocytopenia, 
neutropenia, and hemophilia. 

Oral administration of IgG has tremendous advantages 
over parenteral administration. The most obvious are the 
risks associated with intravenous administration including: 
allergic reactions, the increased risk of disease transfer 
from human blood such as HIV or Hepatitis, the requirement 
for the same specie source, the cost of administration, and 
the benefits of oral IgG is greater neutralization of 
endotoxin and the "basal" stimulation of the immune system; 
the potential use of xenogeneic IgG. Applicants invention 
provides a non- invasive method of modulating the immune 
response. This can be used to treat autoimmune disorders 
(e.g. Rhesus reactions, Lupus, rheumatoid arthritis, etc.) 
and other conditions where immunomodulation, 
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immunosuppression or immunoregulation is the desired outcome 
(organ transfers, chronic immunost imulatory disorders, etc.). 

In another embodiment the invention can be used for oral 
immunotherapy (using antibodies) as an alternative to IVIG. 
But, prior to applicants' invention, one could not produce 
the massive amounts of antibodies required for sustained 
treatment because IVIG would require human IVIG. With oral 
administration of antibody, one can use a different specie 
source, without the threat of allergic reaction. This opens 
the door to milk, colostrum, serum, plasma, eggs, etc. from 
pigs, sheep, goats, cattle, etc. as the means of producing 
the relatively large amounts of immunoglobulin that would be 
required for sustained treatment. 

The oral administration of antibody can: 

1) Modulate the immunological response to exposure to a 
like/similar antigen. The data produced from the 
immunization of pigs with rotavirus or PRRS show that the 
oral administration of porcine immunoglobulin modifies the 
subsequent immune response to antigen administered 
intramuscularly. Communication occurs via the effects of IgG 
on the immune cells located in the GI tract (primarily the 
intestinal epithelium and lymphatic tissue) . The plasma 
administered to the animals traditionally would contain 
antibody to both PRRS and rotavirus. Previous research has 
demonstrated that colostrum (maternal antibody) has this same 
effect when administered prior to gut closure. Applicant has 
demonstrated that antibody can modulate the immune response 
in an animal post gut -closure ; 

2) Serum IgG concentrations are lower with the oral 
administration of plasma proteins. This effect provides 
benefits to the prevention or treatment of much different 
conditions (e.g. Crohn's, IBD, IBS, sepsis, etc.) than the 
immunosuppressive effects of specific antibodies. This 
effect is not antibody specific. While not wishing to be 
bound by any theory it is postulated that plasma proteins can 
neutralize a significant amount of endotoxin in the lumen of 
the gut. In the newly weaned pig, that gut barrier function 
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is compromised and will "leak" endotoxin. Endotoxin (LPS) is 
one of the most potent immunostimulatory compounds known. 
Thus as a post weaning aid, this invention can improve an 
animal's response to endotoxin by modulating the immune 
system preventing overstimulation. 

The route of feeding is important to the different 
effects . Parenteral feeding increases gut permeability and 
is known to substantially increase the likelihood of sepsis 
and endotoxemia when compared to enteral feeding. The oral 
supply of immunoglobulin improves gut barrier function and 
reduces the absorption of endotoxin. Diminished absorption 
of endotoxin would reduce the amount of endotoxin bound in 
plasma which would increase the plasma neutralizing capacity 
when compared to control animals. 

Applicants invention discloses immunomodulat ion, 
consistent with the observations of the effects of IVIG in 
the literature . Further, the immunomodulat ion effect of IgG 
was observed with different specie sources of IgG 
administered orally. This is very important to human 

medicine, particularly for autoimmune conditions (or cases 
where immunomodulation is desired) . 
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EXAMPLE 1 



Preferred Manufacturing Method For 
Globulin Concentrate 

The following illustrates a preferred method of 
manufacturing the globulin concentrate of the present 
invention : 

Plasma 

i 

Recalcif ication of plasma 

i 

Centrifuge to remove fibrin 

i 

Filter sock 

i 

salt precipitation 

i 

centrifuge 

Globulin Rich Fraction Discard 

EXAMPLE 2 
Necessity of Intact Globulin 

Previous research demonstrates that oral plasma 
consumption improves weanling pig performance (Coffey and 
Cromwell, 1995). Data indicates that the high molecular 
weight fraction present in plasma influences the performance 
of the pig (Cain, 1995; Owen et al, 1995; Pierce et al . , 
1995, 1996; Weaver et al . , 1995). The high molecular weight 
fraction is composed primarily of IgG protein. 
Immunoglobulin G protein is approximately 150,000 MW compound 
consisting of two 50,000 MW polypeptide chains designated as 
heavy chains and two 25,000 MW chains, designated as light 
chains (Kuby, 1997) . An approach to hydrolysis of intact IgG 
has been demonstrated in the lab with the enzyme pepsin. A 
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brief digestion with pepsin enzyme will produce a 100,000 MW 
fragment composed of two Fab-like fragments (Fab = antigen- 
binding) . The Fc fragment of the intact molecule is not 
recovered as it is digested into multiple fragments (Kuby, 
1997) . A second type of processing of the globulin-rich 
concentrate is by disulfide bond reduction with subsequent 
blocking to prevent reformation of disulfide bonds. The 
resulting reduced sections from the globulin molecule are 
free intact heavy and light chains. 

In the first example the objective was to quantify the 
impact by oral consumption of different plasma fractions and 
pepsin hydrolyzed plasma globulin on average daily gain, 
average daily feed intake, intestinal morphology, blood 
parameters, and intestinal enzyme activity in weanling pigs. 

Materials and Methods 

Animals and Diets. Sixty- four individually penned pigs 
averaging 6.85 kg body weight and 21 d of age were allotted 
to four dietary treatments in a randomized complete block 
design. Two rooms of 32 pens each were used. The nursery 
rooms previously contained animals from the same herd of 
origin and were not cleaned prior to placement of the test 
animals to stimulate a challenging environment. Pigs were 
given ad libitum access to water and feed. 

Dietary treatments are represented in Table 1 consisting 
of: 1) control; 2) 6% spray-dried plasma; 3) 3.6% spray-dried 
globulin; and 4) 3.6% spray-dried pepsin digested globulin. 
Diets are corn- soybean meal -dried whey based replacing 
menhaden fishmeal with plasma on an equal protein basis. 
Plasma fractions were included, relative to plasma, on an 
equal plasma fraction basis. Diets contained 1.60% lysine 
were formulated to an ideal amino acid profile (Chung and 
Baker, 1992) . Diets were pelleted at 130°F or less and were 
fed from d 0-14 post-weaning. 
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Collection of Data. Individual pig weights were 

collected on d 0 , 2, 4, 6, 8, 10, 12, and 14 post-weaning. 
Feed intake and diarrhea score were collected daily from d 0 
to 14 post-weaning. Blood was collected d 0, 7, and 14 post- 
weaning. The blood was centrifuged and serum was frozen for 
subsequent analysis. Upon completion of the study (d 14), 
six randomly selected pigs/treatment were sacrificed to 
obtain samples for measurement of villous height, crypt 
depth, intestinal enzyme activity, and organ weights 
(intestine, liver, lung, heart, spleen, thymus, kidney, 
stomach, and pancreas) . Immediately after euthanasia, the 
body cavity was opened and the ileal -cecal juncture was 
located. The small intestine was removed and dissected free 
of mesenteric attachment. One meter cranial to the ileal- 
cecal juncture, 10 cm of intestine (ileum) was removed and 
fixed in phosphate-buffered formalin for subsequent histology 
measurements. From the midsection of the duodenum, the mucosa 
was scraped, weighed, and frozen for subsequent enzymatic 
analysis . 

Histology. The jejunal samples were paraffin embedded 
and stained with hematoxylin and eosin (H&E) and were 
analyzed using light microscopy to measure crypt depth and 
villous height. Five sites were measured for crypt depth and 
villous height on each pig. 

Enzyme analysis . Lactase and maltase activity were 
measured on the mucosal scrapings according to Dahlqvist, 
1964 . 

Serum analysis . Total protein and albumin were analyzed 
according to ROCHE Diagnostic kits for a COBAS MIRA system. 
Serum IgG was analyzed according to Etzel et al . (1997) . 

Statistical Analysis . Data were analyzed as a 

randomized complete block design. Pigs were individually 
housed and the pen was the experimental unit. Analysis of 
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variance was performed using the GLM procedures of SAS 
(SAS/STAT Version 6.11 SAS Institute, Cary, NC) . Model sum 
of squares consisted of block and treatment, using initial 
weight as a covariate. Least squares means for treatments 
are reported. 

Results 

Average daily gain (ADG) and average daily feed intake 
(ADFI) are presented in Table 2. No differences were noted 
for ADG or ADFI from d 0-6. From d 0-14, plasma and globulin 
improved (P <0.05) ADG and ADFI compared to the control, 
while the pepsin digested globulin treatment was 
intermediate. Organ weights were recorded and expressed as 
g/kg of body weight (Table 3) . No differences were noted in 
heart, kidney, liver, lung, small intestine, stomach, thymus, 
or spleen; however, pancreas weight was increased (P <0.05) 
due to inclusion of globulin and pepsin digested globulin 
compared to the control . The plasma treatment was 
intermediate. Blood parameters are presented in Table 4. 
Compared to the control, serum IgG of globulin fed pigs (d 
14) was lower (P <0.08), while that of the plasma and pepsin 
digested globulin treatments were intermediate. No 
differences (P >0.10) were noted in total protein. Serum 
albumin was increased (P <.08) on d 14 with the globulin and 
plasma treatment compared to the control, while that of the 
pepsin digested globulin group was intermediate. Enzyme 
activity, intestinal morphology, and fecal score are 
presented in Table 5. No differences (P >0.10) were noted in 
villous height and crypt depth. Duodenal lactase and maltase 
activity was increased (P <0.07) due to consumption of pepsin 
digested globulin compared to the control diet, while the 
other dietary treatments were intermediate. The fecal score 
was reduced (P <0 . 07 ; respresenting a firmer stool) due to the 
addition of pepsin digested globulin compared to the control 
while the fecal score of and plasma while globulin was 
intermediate . 
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Tables 



Table 1. Composition of experimental diets (as fed, 



Ingredients 



Control 



Plasma 



Globulin 



42 . 932 
23 . 000 
17 .000 
8 . 500 



43 . 012 
23 . 000 
17 . 000 



6 . 000 



4 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 



300 
, 118 
,400 
. 070 
.400 
.250 
.250 
.400 
. 250 
. 090 
. 040 



5 , 

2 

1 



100 
118 
700 



0 .435 
0 .400 
0 .250 
0 .250 
0.400 
0 . 195 

0 . 140 



42 . 962 
23 . 000 
17 . 000 
3 .400 



3 . 600 



4 
2 
1 
0 
0 
0 



800 
.118 
, 150 
.290 
.400 
.250 



0.250 
0 .400 
0 .290 

0 . 090 



%) - a 
Pepsin 
Digested 
Globulin 



42 . 957 
23 . 000 
17 . 000 
3 .400 



3 . 600 



Corn 
47% SBM 
Dried Whey 
Menhaden 
Fishmeal 
Plasma 
Globulin 
Pepsin Digested 
Globulin 
Soy Oil 
Lactose 
18.5% Dical 
Limestone 
Zinc Oxide 
Mecadox 
Salt 
Premix 

L-Lysine HCL 
L-Threonine 

PL -Methionine 

a Diets were formulated to contain 1.60% lysine, 0.48% 
methionine, 14% lactose, 0.8% calcium, and 0.7% phosphorus 
and fed from d 0 to 14 post-weaning. 



800 
118 
150 
290 
400 
250 
0 .250 
0 .400 
0 .290 



0 . 095 



21 



Table 2. Effect of spray-dried plasma and plasma fractions 



on average c 


laily gain and feed intake (kg/d) . 1 


Treatment 


Control 


Plasma 


Globulin 


Pepsin 

Digested 

Globulin 


SEM 


ADG, kg/d 












D 0-6 


0 . 037 


0 . 094 


0 . 080 


0 . 073 


0 . 029 


D 0-14 


0 . 169 a 


0 .242* 


0 .234 D 


0 . 222^ 


0 . 025 














ADFI, kg/d 












D 0-6 


0 . 104 


0 . 134 


0 . 132 


0 . 128 


0 .018 


D 0-14 


0 . 213 a 


0 .276* 


0 .278° 


0 .254^ 


0 . 021 















Values are least squares means with 16 pigs/treatment. 



ab Means within a row without common superscript letters are 
different (P<0 . 10) . 



Table 3. Effect of spray-dried plasma and plasma fractions 
on organ weights (g/kg body weight) 1 



Organ Weights, g/kg BW Control Plasma Globulin Pepsin SEM 

Digested 
Globulin 



Intestine 


44 


.21 


50 . 65 


50 


. 34 


44 


. 71 


3 


43 


Liver 


32 


.34 


31.20 


30 


. 23 


32 


.27 


1 


42 


Spleen 


1 


. 74 


1 . 83 


1 


. 81 


2 


. 06 


0 


16 


Thymus 


1 


.45 


1 .39 


1 


. 32 


1 


.36 


0 


20 


Heart 


4 


. 93 


4 . 89 


4 


. 94 


4 


. 73 


0 


22 


Lung 


11 


.26 


11 .28 


12 


. 14 


11 


. 95 


1 


03 


Stomach 


6 


. 96 


7 . 06 


6 


. 61 


6 


.84 


0 


32 


Kidney 


4 


. 76 


5 . 75 


5 


. 66 


5 


.45 


0 


.47 


Pancreas 


1 . 


93 a 


2 . 2 0 ab 


2 . 


42 b 


2 . 


34 b 


0 


. 11 



"■"Values are least squares means of 6 pigs/treatment. 
ab Means within a row without common superscript letters are 
different (P<0 . 05) . 



22 



Table 4, Effect of spray-dried plasma and plasma fractions 

on blood parameters. 1,2 

Control Plasma Globulin Pepsin SEM 

Digested 
Globulin 



IgG, mg/mL 


















DO 


4 . 


84 a 


5.70 b 


4 . 


83 a 


5.05 ab 


0 . 


34 


D7 


4 


. 98 


4 .71 


4 


. 66 


4 . 96 


0 . 


17 


D14 


4 . 


88* 


4 .43^ 


4 . 


30 a 


4.54 ab 


0 . 


24 


Total Protein, 

g/dL 

DO 


4 


. 55 


4.59 


4 


. 54 


4.65 


0 . 


07 


D7 


4 


.39 


4 .37 


4 


.35 


4 .47 


0 . 


08 


D14 


4 


.22 


4 .30 


4 


.29 


4.20 


0. 


07 


Albumin, g/dL 


















DO 


3 


. 03 


3 . 02 


3 


. 11 


3 . 09 


0 . 


06 


D7 


2 


. 98 


3 . 03 


3 


. 02 


3 . 01 


0 . 


06 


D14 


2 . 


61 a 


2 . 78 b 


2 . 


8 0 b 


2 . 71 ab 


0 . 


07 



x Values are least squares means of 16 pigs/treatment . 
2 Day 0 used as a covariate for analysis on D7 and D14 . 



Means within a row without common superscript letters are 
different (P<0 . 08) . 
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Table 5. Effect of spray-dried plasma and plasma fractions 
on enzyme activities, intestinal morphology, and fecal 

score . ^ 

1 Control Plasma Globulin Pe P sin S 

Digested 

Globulin 



Maltase , umol/mg 
prot/hr 

Lactase , umol/mg 
prot/hr 


7 . 97 a 
1 . 14 a 


11 . 08 ab 
1.57 aJD 


10.93 ab 
1.55 ab 


13 .30 b 
2.15 b 


1 . 93 
0 .31 


Villous Height, 
micron 


378 . 7 


370 .7 


374 . 0 


387 . 7 


34 .4 


Crypt Depth, 
micron 


206 . 3 


191 . 0 


195 . 0 


192 . 7 


9.3 


Fecal Score 


5.12 b 


5.06* 


4.19 at> 


2 . 88 a 


0 .65 



Values are least squares means of 6 pigs/treatment 
ab Means within a row without common superscript letters are 
different (P<0 . 07) 



EXAMPLE 3 

Quantity and Impact of Dietary Inclusion of Variable Plasma 

Fractions 

In the second experiment the objective was to quantify 
the impact of dietary inclusion of different plasma fractions 
and the effect of separating the heavy and light chains of 
the IgG on average daily gain, average daily feed intake, 
organ weights, and blood parameters of weanling pigs. 

Materials and Methods 

Animals and Diets. Ninety-six individually penned pigs 
averaging 5.89 kg body weight and 21 d of age were allotted 
to four dietary treatments in a randomized complete block 
design. The animals were blocked by time between 3 
unsanitized nursery rooms. Pigs were given ad libitum access 
to water and feed. 
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Dietary treatments (Table 6) consisted of: 1) control; 
2) 10% spray-dried plasma; 3) 6% spray-dried globulin; and 4) 
6% globulin-rich material treated to reduce the disulfide 
bonds of the IgG molecule (H + L) . Diets were corn- soybean 
meal -dried whey based replacing soybean meal with plasma on 
an equal lysine basis. The plasma fractions were added 
relative to plasma on an equal plasma fraction basis. Diets 
contained 1.60% lysine and were formulated to an ideal amino 
acid profile (Chung and Baker, 1992) . Diets were meal form 
and fed from d 0-14 post -weaning . 

Collection of Data. Individual pig weights were 

collected on d 0, 2, 4, 6, 8, 10, 12, and 14 post -weaning . 
Feed intake and diarrhea score were collected daily from d 0 
to 14 post -weaning . Blood was collected on d 0, 7, and 14 
post -weaning . The blood was centrifuged and serum samples 
were frozen for subsequent analysis. Upon completion of the 
study (d 14) , nine pigs/treatment were sacrificed to obtain 
organ weights (intestine, heart, liver, spleen, thymus, lung, 
kidney, stomach, and pancreas) . 

Serum Analysis . Total protein, albumin, and urea 
nitrogen were analyzed according to ROCHE Diagnostic kits for 
a COBAS MIRA system. Serum IgG was analyzed according to 
Etzel et al . (1997) . 

Statistical Analysis . Data were analyzed as a 

randomized complete block design using the GLM procedures of 
SAS (SAS/STAT Version 6.11 SAS Institute, Cary NC) . Pigs 
were individually housed and the pen was the experimental 
unit. Model sum of squares consisted of block and treatment, 
using initial weight as a covariate. Least squares means for 
treatments are reported. 

Results 

From d 0-6 (Table 7), plasma increased (P <0.10) ADFI 
compared to control and H+L, while the globulin was 

25 



intermediate. From d 7-14, plasma increased (P <0.10) ADFI 
compared to control and H+L treatments. Average daily feed 
intake of globulin fed pigs was increased compared to the 
control. From d 0-14, plasma and globulin increased (P 
<0.10) ADFI compared to the control and H+L dietary 
treatments. Average daily gain is presented in Table 8. 
Average daily gain was similar to ADFI for d 0-6. From d 7- 
14 and 0-14, plasma and globulin increased (P <0.10) ADG 
compared to the control, while H+L was intermediate. Blood 
parameters are presented in Table 9. Serum IgG and urea 
nitrogen (d 14) were lower (P<0.05) by the dietary inclusion 
of plasma and globulin compared to the control. The effect of 
H+L was intermediate. Dietary treatment had no effect on 
serum protein. Serum albumin (d 7) was decreased (P <0.05) 
due to inclusion of plasma compared to the other dietary 
treatments. No differences were noted in fecal score. 
Intestinal length and organ weights are presented in Table 
10. No differences were noted in organ weights or intestinal 
length due to dietary treatment. 

Tables 

Table 6. Composition of experimental diets (as fed. %) 1 



Ingredients 


Control 


Plasma 


Globulin 


H + L 


Corn 


37 . 937 


44 . 96 


40 .006 


40 . 034 


47% Soybean Meal 


18 


18 


18 


18 


Dried Whey 


14 


14 


14 


14 


Lactose 


6.253 


6.253 


6.253 


6 .253 


Plasma 




10 






Globulin 






6 




H + L 








6 


Soy Protein 


17 . 31 




9 . 07 


9 . 07 


Concentrate 










Soy Oil 


3 .219 


3 . 047 


3 . 187 


3 . 186 


18.5% Dical 


1 . 79 


1 .493 


2 . 133 


2 . 146 


Limestone 


0 . 562 


0 .354 


0 .46 


0.42 


Premix 


0 . 55 


0 . 55 


0 . 55 


0 . 55 


Salt 


0 . 15 


0 . 15 


0 . 15 


0 . 15 
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DL-Methionine 0.083 0.152 0.092 0.096 

L- Lysine HCL 0.146 0.041 0.099 0.095 

x Diets were formulated to contain 1 . 60% lysine, 0.48% 

methionine, 16% lactose, 0.9% calcium, and 0.8% phosphorus 
and fed from d 0 to 14 post -weaning . 



Table 7. Effect of spray-dried plasma and plasma fractions 
on average daily feed intake (g/d) . 1 _ 





Control 


Plasma 


Globulin 


H + 


L 


SEM 


ADFI, g/d 














D 0-6 


102 . 82 a 


152 . 43 b 


128 . 53 ab 


114 


50 a 


13 .44 


D 7-14 


280 . 74 a 


413 . 57 c 


379 .21 bc 


319 


06^ 


29.07 


D 0-14 


193 . 94 a 


284 . 83 b 


258 . 55 b 


216 


. 83 ab 


16 . 69 



1 Values are least squares means of 24 pigs/treatment. 



^Means within a row without common superscript letters are 
different (P <0 . 10) . 



Table 8. Effect of spray-dried plasma and plasma fractions 
on average daily gain (g/d) . 1 







Control 


Plasma 


Globulin 


H + 


L 


SEM 


ADG, 


g/d 














D 0- 


6 


-41 . 05 a 


27 . 23 b 


-1.2 3 ab 


-21 


. 86 a 


20 .26 


D 7- 


14 


199 . 38 a 


282 .46 b 


302 .22 b 


255 


. 12 ab 


26 .40 


D 0- 


14 


96 .34 a 


173 . 07 b 


172 . 17 b 


136 


.42^ 


20 . 56 



1 Values are least squares means of 24 pigs/treatment. 



^Means within a row without common superscript letters are 
different (P <0 . 10) . 



Table 9. Effects of spray-dried plasma fractions on blood 



parameters . 1/2 



Control Plasma Globulin H + L SEM 



IgG, g/dL 

D 0 0.674 0.664 0.584 0.661 0.037 

D 7 0.668 0.643 0.624 0.673 0.021 

D 14 0.631 b 0.555 a 0.545 a 0.596^ 0.022 

Urea N. mg/dL 

D 0 8.53 9.78 9.94 9.87 0.68 

D 7 17.55 b 14.65 a 16.48^ 17 . 56 b 1.01 
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D 14 17.57° 10.48 a 14 . 73 b 15.56 bc 0.87 



Total Protein, 
g/dL 

D 0 4.58 4.46 4.56 4.56 0.076 

D 7 4.69 4.60 4.53 4.74 0.106 

D 14 4.55 4.49 4.59 4.49 0.080 

Albumin, g/dL 

D 0 2.69 2.64 2.75 2.69 0.069 

D 7 2.92 b 2.79 a 2 . 92 b 2 . 94 b 0.045 

D 14 2 . 83 2 . 76 2.86 2.80 0 . 060 

"""Values are least squares means of 24 pigs/treatment. 

2 Day 0 used as a covariate for analysis on D7 and D14 . 

abc Means within a row without common superscript letters are 
different (P <0 . 05) . 



Table 10. Effect of spray-dried plasma and plasma fractions 
on intestinal length ( inches) and organ weights (g/kg body 
weight) 1 



Control Plasma Globulin H + L SEM 



Int. length, 


inch 


358 


. 67 


368 . 


33 


359 


.33 


358 


.56 


13 


. 05 


Organ weight, 


g/kg BW 






















Intestine 




41 


.48 


41 . 


79 


42 


. 82 


41 


04 


2 


. 16 


Liver 




29 


. 61 


32 . 


61 


32 


.29 


31 


09 


1 


.10 


Spleen 




2 


.05 


2 . 


32 


2 


.44 


2 


. 17 


0 


.22 


Thymus 




1 


. 15 


1 . 


45 


1 


. 15 


1 


. 15 


0 


. 14 


Heart 




6 


. 12 


6 . 


14 


5 


. 77 


5 


.80 


0 


.22 


Lung 




12 


.24 


12 . 


33 


13 


. 65 


11 


. 63 


0 


. 74 


Stomach 




9 


.26 


9 . 


14 


10 


. 08 


10 


. 08 


0 


. 58 


Kidney 




6 


. 18 


6 . 


57 


6 


. 10 


6 


.30 


0 


.21 


Pancreas 




2 


.70 


2 . 


61 


2 


. 54 


2 


.70 


0 


. 11 



"Values are least squares means of 9 pigs/treatment. 



Discussion 

Consistent with published research (Coffey and Cromwell, 
1995) these data indicate that when included in the diet 
plasma and globulin increase performance (ADG, ADFI) compared 
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to the control. The pepsin digested globulin and H+L fraction 
resulted in an intermediate improvement in performance. 
Enzyme activity (lactase and maltase) were increased and 
fecal score was improved with the addition of all plasma 
fractions (plasma, globulin, pepsin digested globulin, H&L) 
compared to the control . 

Serum IgG concentration and BUN were lower after 
consumption of plasma or globulin treatments compared to the 
control, pepsin digested globulin or H&L. The ability of oral 
plasma or globulin administration to elicit a systemic 
response as demonstrated by lower serum IgG compared to the 
control was unexpected. 

The noted differences between plasma and globulin 
fractions compared to the pepsin digested globulin or H+L is 
that the tertiary structure of the Fc region is intact in the 
plasma and globulin fractions only. The pepsin digested 
globulin has the Fc region digested, while in the H+L 
fraction, the Fc region remains intact but without tertiary 
confirmation. The Fab region is still intact in the pepsin 
digested globulin. The variable region is still able to bind 
antigen in the H+L preparation (APC, unpublished data) . 
Thus, the results indicate the antibody-antigen interaction 
(Fab region) is important for local effects (reduced fecal 
score, increased lactase and maltase activity) , while the 
intact Fab and Fc region of plasma and globulin fractions is 
important to modulate the systemic serum IgG response. 

EXAMPLE 4 

Effect of Oral Doses of Plasma Protein on Active Immune 
Responses to Primary and Secondary Rotavirus and PRRS 
Vaccinations in Baby Pigs 

Overview 

To examine the influence of supplemental plasma protein 
on active immune responses following primary and secondary 
rotavirus and PRRS vaccinations. 
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Methods 

Ten sows induced to farrow at a common time were 
utilized. Treatments were assigned randomly within each 
litter. Treatment delivery occurred twice weekly (3 or 4 day 
intervals) via a stomach tube applicator. A series of 7 
applications occurred prior to the final vaccination and 
weaning. Treatments consisted of: control (10 mL saline) 
and plasma IgG (0.5 g delivered in a final volume of 8 mL) . 
All pigs received a primary vaccination (orally = rotavirus; 
injection = PRRS) 10 days prior to weaning. A secondary 
vaccination was given at the time of weaning via 
intramuscular injection. Blood samples were collected prior 
to the primary vaccination ( 10 d prior to weaning), prior to 
the secondary vaccination (at weaning) , and on 3 day 
intervals until 12 days post-weaning. 

Results 

Pigs dosed with plasma protein experienced significant 
(P<.05) decreases in specific antibody titers following 
booster vaccination. This response was seen for both 

rotavirus (Figure 1) and PRRS (Figure 2) antibody titers. 

Discussion 

These data provide an excellent indication of the effect 
of oral plasma protein in the young pig. Immune activation 
acts as a large energy and nutrient sink. When the immune 
system is activated energy and nutrients are funneled into 
the production of immune products (immunoglobulin, cytokines, 
acute phase proteins, etc.) and away from growth. Oral plasma 
may modulate the immune system, thereby allowing energy and 
nutrients to be redirected to other productive functions such 
as growth. 
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